The study addresses the question of the origin of low-energy electrons measured by Voyager1 in the multi-keV range in the inner heliosheath. It intends to demonstrate that the observed keV-fluxes of electrons are consistent with their transmission through the termination shock under the influence of the associated electrostatic field. A power-law representation of the electron velocity distribution just downstream of the solar wind termination shock is motivated and formulated in terms of a so-called κ-distribution function. From this initial function spectral electron fluxes in the range 40-70 keV are derived and compared to the data. It is shown that with κ-values between 7 and 8 the data can be satisfactorily explained. Given these comparatively high κ-values, it is concluded that the electron distribution just downstream of the termination shock relaxes toward but does not reach a Maxwellian shape in the inner heliosheath.
Introduction and Motivation
Beyond the solar wind termination shock energetic electrons in the energy interval 35-70 keV have been observed with the Voyager 1 and 2 spacecraft (Decker et al. 2015) ; see also Figure 1 below. The Voyager1 observations suggest that these electrons, which appeared in this energy channel after the termination shock crossings, are of solar (wind) origin because their differential flux vanished again shortly before the heliopause crossing and remained absent in the local interstellar medium. From the latter observation one can conclude that they do not originate from interstellar cosmic electrons that were studied, e.g., by Langner et al. (2001) and recently by Prinsloo (2016) and Prinsloo et al. (2017) . According to the estimates of the intensity of 100 keV Galactic electrons by Langner et al. (2001) , the mentioned electron flux inside the heliosheath could be about 4 10 3 · times higher than that in the local interstellar medium, so that an interstellar origin is considered improbable. Because the general features of these electrons are quite similar to those of the anomalous cosmic-ray component (see, e.g., Stone et al. 2013; Webber & McDonald 2013) , they may be considered as anomalous electrons.
Energetic electrons in the range 1-35 keV in this distant space plasma region remain undetected and can, therefore, be classified as a neglected particle population. It is unlikely that this means that such electrons are absent: concerning theoretical studies it is usually assumed that the electron transition from upstream to downstream of the termination shock strictly obeys the Rankine-Hugoniot relations valid for the main momentum carrier, i.e., the ions. This means it is generally assumed that the electrons-regarding the properties of their moments-behave like the ions do, namely, attaining the same downstream densities, bulk velocities, and temperatures. Electrons and ions, however, cannot be assumed to be strongly bound to each other at such very localized shock structures: the locally very strong, shock-induced electric fields rather lead to a phenomenon called spontaneous demagnetization (see Lembège et al. 2003) due to which electrons in first order merely react to the shock-induced electric fields not recognizing any Lorentz forces. This behavior of electrons at shocks has been emphasized in recent papers by, e.g., Chalov & Fahr (2013) and Fahr et al. (2015) . In particular, Fahr & Verscharen (2016) have demonstrated that, as a consequence of demagnetization, electrons gain high overshoot velocities at the solar wind termination shock corresponding to energies on the order of several keV. In the following, we demonstrate, by assuming as in Fahr & Siewert (2013) that the electron velocity distribution can be represented by a so-called κ-distribution, that the observed differential electron fluxes farther into the inner heliosheath can be consistently explained as a consequence of the electron behavior across the termination shock. = , with the shock compression ratio s. Hence, the bulk of the downstream electrons moves with a speed U U U e 2 = -relative to the ions with components U , along and perpendicular to the downstream magnetic field B 2 . Due to the Lorentz forces electrons are forced to form a torus distribution with an average velocity U ⊥ and a thermal spread of k T m 3 e B 1 depending, according to Liouville's theorem, on the upstream electron temperature T 1 , the Boltzmann constant k B , and the electron mass m e . If the electrons are subject to fast pitch-angle scattering (see, e.g., Wykes et al. 2001 ), the initial toroidal distribution evolves into an isotropic shell distribution:
As demonstrated by various authors (e.g., Isenberg 1987; Bogdan et al. 1991; Fahr & Fichtner 2011) this distribution rapidly evolves further into a quasi-stationary distribution, which we assume to be a κ-distribution (Fahr & Siewert 2013):
where n e is the total electron number density, U^defines the core width, x G( ) denotes the Gamma function, and κ is the index quantifying the "suprathemal deviation" from a Maxwellian, which is obtained in the limit k  ¥.
The Differential Electron Flux in the Inner Heliosheath
The differential flux (particles per area per time interval per solid angle and per energy interval) is given by j p p f p p 2 = ( ) ( ) with the momentum distribution f p (p) that is related to the velocity distribution via
where m e denotes the electron mass. In order to compare the model directly to data, the differential flux should be calculated in terms of energy using E m v p m 2 2 e e 2 2 = = ( ) ( ):
With Equation (2), this yields
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Quantitative Comparison to Measurements
In order to check whether the observed differential electron flux can be explained with the shock-processed electrons, it has to be shown to be consistent with Equation (2) for reasonable parameter values.
A direct comparison of numerical results calculated with Equation (6) with measurements of the observed differential flux is required to integrate j(E) over the interval E 37 keV 1 = to E 70 keV 2 = and to normalize it to E E 2 1 -so that 
A reasonable estimate for the electron number density downstream of the termination shock located at about 90 au with a compression ratio of s 2.5 » is n n 2.5 1 au 90 1.5 10 
A plot of j obs as a function of κ is shown in Figure 2 and reveals that the measured values of 400-600 electrons cm s sr MeV , Decker et al. 2015) are reproduced with 7 k » to 8 k » . Given that this estimate concerns measurements that cover the entire width of the inner heliosheath along the trajectory of the Voyager1 spacecraft, we can conclude that the electron distribution downstream of the termination shock relaxes toward a Maxwellian with temperature T m U k 3 e e 2 2 B =^( ). Note, however, that the Maxwellian limit is not reached: the limit k  ¥ in Equation (10) gives j 10 electrons cm s sr MeV
.e., a value far below the measurements.
Discussion
The above estimate reveals that already only moderately low κ-values of 7 8   k are sufficient to explain the differential electron fluxes measured by Voyager1 in the energy interval from 37 to 70 keV. While a more rigorous hydrodynamic modeling of the evolution of the κ-parameter along heliosheath flow lines will be described in a forthcoming paper analogously to the model in Fahr et al. (2016) , here we would like to draw attention to the fact that the core width U^of the resulting κ-distribution depends not only on the upstream solar wind bulk velocity U 1 , but also on the angle 1 a between the upstream magnetic field and the shock normal. Consequently, the temperature T e2 also depends on that angle. To illustrate the effect of only a quasi-parallel or oblique shock, Figure 2 also displays the estimate for a 20% lower U^, translating to a ∼25% higher electron flux.
In potential compensation for that, in these cases a fieldaligned electron flux component U P appears, representing a field-aligned electric current that may be unstable with respect to driving whistler wave turbulence, as has been discussed by Scime et al. (1994) and by Gary et al. (1994) . This points to the following situation. On the one hand, if the shock is quasiperpendicular, the downstream electron distribution function has a maximum value 2 1 a p Q = Q ( ) ( ) and an associated electric current does not exist that could drive whistler waves that effectively help to convert the original halo distribution into a kappa distribution. On the other hand, if the shock is quasi-parallel, the value 2 1 a p Q  ( )would become comparatively small and the resulting electric current would be the strongest. The possibly excited whistler waves then quickly convert the initial distribution function into a suprathermal κ-distribution due to wave-particle induced energy diffusion.
Summary and Conclusions
We have demonstrated that the suprathermal 37-40 keV electron fluxes observed by the Voyager1 spacecraft in the inner heliosheath are most likely of solar wind origin. The original electron distribution function is, during its passage across the solar wind termination shock, first transformed into a torus distribution and, subsequently, due to the action of wave-particle interactioninduced energy diffusion, into a suprathermal power-law distribution. Assuming that the latter can be represented by a κ-distribution, we have shown that the measured electron flux levels can be explained with moderately low κ-values between 7 and 8. While this may indicate a relaxation of the distribution toward a Maxwellian during its convection through the inner heliosheath, such values correspond to its prevailing suprathermal character. , respectively, the latter corresponding to a 20% lower U^(see the discussion in Section 4).
